(a) The study of human tumours
In the study of cancer, experimental techniques have been developed which have necessitated the use of transplantable animal tumours. Unfortunately what at first sight would seem to be one of the main advantages of using such tumours, namely that an experiment can be repeated or extended after an interval of time on identical material, does not necessarily hold true, since genetic variation may have occurred in the meantime both in the tumour and in the host strain. Although changes in the former may be eliminated by methods of frozen tumour storage (Craigie, 1954) , there remains variation in response to host differences, which may be of great significance even among " strain " animals. Furthermore, and most important of all, each spontaneously-arising human tumour may be genetically unique, and it is thus essential to characterise human tumours by all available means, before data obtained on experimental tumour material may be properly evaluated.
The more immediate objective in studying human tumours has, in most work, been the practical one of providing information of use to the clinician: for instance histological evidence of the probable rate and mode of spread of the tumour, and its probably response to radiotherapy or other forms of treatment. Classical histology has enabled human tumours to be characterised with respect to such features as their degree of differentiation, but little progress has yet been made in the application of cytochemical techniques whereby one may characterise different tumours with respect to their fundamental chemical components. Before any new technique may be applied witb confidence to highly variable human tumours, however, much preliminary investigation is essential.
(b) Chromosomal variation and DNA content Genetic variation in tumours may take the form of gene mutations, structural alterations in chromosomes, and changes in chromosome number involving the gain or loss of whole chromosomes. The first of these is not amenable to study at the present time, but microscopical examination can provide information concerning changes in chromosome number and morphology. Thus it has been shown in animal tumours that there are wide differences in chromosome number and type from the chromosome idiogram of the host germ-line (Makino and Kano, 1953; Levan and Hauschka, 1953) . It must be borne in mind, however, that the tumour chromosomes should be compared only with those of the corresponding homologous normal somatic cells, since, in the latter also, chromosomal variation is believed to exist (Beatty, 1954) . This is difficult with transplantable tumours. Little information is available about the chromosomes of human tumours, largely owing to the difficulties experienced in the use of the conventional methods of chromosome study on this material, often coupled with a scarcity of cells in mitosis.
Chromosome studies on animal tumours have, however, revealed several important features of tumour growth. Firstly, abnormal cell division, occurring during the growth of the tumour, may produce variation in chromosome number, since it results in the unequal partitioning of the chromosomal complement between the anaphase groups. The daughter cells may thus have lost or gained whole (Levan and Hauschka, 1953) . The presence of similar mitotic irregularities in human tumours has been described by Koller (1947 (Swift, 1953) .
Apart from the possible failure of stain specificity and stoichiometry, the measured amount of Feulgen stain may vary owing to inaccuracies in the optical measurement. These have been discussed many times elsewhere (e.g. Davies and Walker, 1953; . Deeley, Richards, Walker and Davies, 1954) , but they are, we believe, smaller in the instrument which we have used (Deeley, 1955) Small pieces of tissue were placed in ice-cold Earle's solution, immediately after removal at operation or by biopsy. In most cases, about an hour elapsed before fixation, which was done at King's College. Smears were then made on coverslips, and since it was desirable to have a high degree of cell separatioin, dissociationi of the tissue was facilitated by tapping the fresh material with a flat-ended glass rod. The ease of cell separation varied widely with different tumours, being relatively easy in the more anaplastic ones.
The smear of isolated cells and cell nuclei which resulted was immediately fixed by methanol freezing substitution (Simpson, 1941) . WVhen necessary, the nmaterial was stored in methanol at 2°C, and staining was done shortly before measurement. Feulgen staining was carried out according to the method of Stowell (1947) . After removal from methanol, the coverslips were hydrated in. the alcohol series, hydrolysed for 7 minutes in N.HC1 at 60°C, left in stain for I hour, washed in 802 water and finally mounted in glycerol from distilled water.
Since it was necessary to use the cell-crushing procedure (see below), the coverslips were mounted as described elsewhere (Davies, Wilkins and Boddy, 1954) .
The amount of stain in individual cell nuclei was measured by the rapid scanning photoelectric instrument designed and built by Dr. E. M. Deeley (1955) To avoid selection of cell nuclei for measurement, the specimen was scanned systematically, and all those which came within the field stop area were crushed and measured, except occasional overlapping niuclei. In each specimen, between class intervals was standardised. Thus near-diploid tumours were plotted with 10 or 11 classes between the 1 and 21 levels, and near-tetraploid tumours with 10 or 11 classes between the 21 and 41 levels. A low secoindary mode at double the value of the primary mode is usually apparent, and is composed of (i) " restiing " cells which have double the chromosome complement of the main population, and (ii) 
NVon-malignant epithelial tissues
Since most of the tumours studied were epithelial in origin, a few specimens of non-maligniant epithelial cells from endometrium and cervix uteri were examined. Fig. 3 
Tumours
With the exception of those of carcinoma of the breast, all results are from untreated cases.
(i) Carcinoma of the cervix uteri.-Three typical distributions of DNA content of cervical carcinoma cells are illustrated in Fig. 7 (B) Fio. 14.-Case EQ. (iv) Squamous cell carcinoma at miscellaneous sites.-Four cases of squamous cell carcinoma from different sites are shown in Fig. 15 to lie at just over 20 per cent above the l value. A higher primary mode, at 30 per cent above the 1 value, is shown by a leiomyosarcoma of the uterus (Fig. 20) , which also has a well-marked secondary mode at twice the value of the primary mode. In the remaining three cases the main modes are in the neighbourhood of the 21 value (carcinoma of the stomach, Fig. 21 ; basal cell carcinioma, Fig. 22; aind carcinoma of the rectum, Fig. 23 ).
DISCUSSION
For each tumour there is a modal DNA value which may be taken to represent the stem-line of the tumour. The stem-line concept has been developed from observa-781 SI tions on animal tumours transmissible in the " ascites " form, and, as already mentioned, carries the implication that the growth of the tumour is mainly due to the multiplication of cells having chromosome numbers at or near the modal value, while cells with numbers deviating widely from this value are likely to be inviable (Makino and Kano, 1953; Sachs and Gallily, 1955 represeiits the basic or post-telophase DNA value of the inajority of the cells comprising the population. Confirmatory evidence of the position of this miiode is provided by (i) a small number of interphase cells with doubled amounts of DNA forming a secondary mode at twice the value of the primary one, and (2) the fact that cells in mitosis also show values which tend to be grouped arounid this secondary mode, which would accord with the currenit theory of DNA constancy.
In the present series of observations, it will be seen that the primary modes, taken as a whole, show a tenidency to fall into two groups: either about 10-30 per cent above the 1 level, or near the 21 level (Fig. 24) observations on carcinoma of the cervix, which will be discussed in a subsequenit paper, there is a similar tendency; occasionally, however, the mode falls wide of these two levels. It seems that two processes may have occurred to produce the difference between the DNA content of the modal (stem-line) cancer cell and the non-malignant cell: firstly, a fairly small change in DNA content (circa 10 per cent), which in the lower group of the present series is always in an upwards direction, and, secondly, in some cases (those forming the upper group), there may be a doubling of the chromosome complement. While the near-diploid tumours, however, have DNA modes in the region of 10-30 per cent above the leucocyte level, the.higher or " tetraploid " group in general have modes which are not similarly raised above twice the leucocyte value, but are grouped around this value. From the observed differences between non-malignant epithelial cells and leucocytes, it would seem that tumours falling into the latter group are hypotetraploid as regards DNA content, and thus resemble the "tetraploid " experimental tumours of mice, which frequently have a hypotetraploid number of chromosomes (Levan, 1956 ).
The results show that " tetraploid " tumours are commrnoin among human neoplasmis, as they are among experimental animial tumiiours. In the latter, repeated observationis over many transplant generations have revealed that "I 8.
individual tumours may change from near-diploid to near-tetraploid. The change in these animal tumours has been correlated with a loss of host-specificity, since " tetraploid " tumours can on the whole tolerate a greater range of host genotypes than can diploid (Hauschka and Levan, 1953) . When a near-diploid mouse tumour is transplanted into a host whose genotype differs from that of the original host, a selective mechanism is brought into play which may favour the development of a new -stem-line derived from cells with a higher chromosome number. Such a selective mechanism is of course absent in human neoplasms, and whether or not the " tetraploid " tumours arose from tetraploid cells already present in the tissue of origin is not known.
We shall briefly consider how the results described above compare with those obtained by other workers on the DNA content of tumours. Data obtained by biochemical techniques can only be expressed in terms of average amount of DNA per cell, and, although they may indicate whether a tumour is approximately diploid or tetraploid, give little indication of the true position of the basic mode, and may give misleading results where many non-tumour cells are present. DNA measurements on animal tumours have been made by various authors, and in general have agreed fairly well with chromosome counts. Leuchtenberger anid her collaborators (Leuchtenberger, Leuchtenberger and Davis, 1954) have measured a number of normal and malignant human tissues by a microspectrophotometric technique. They found that the " mean basic DNA content " of the normal tissues varied little, that in 14 tumours the basic DNA content was the same or only slightly higher than this value, in 8 tumours it was approximately 30 per cent higher, and in 7 the lowest modal value of the cells was " tetraploid ".
As compared with other workers, we have perhaps laid stress on smaller differences in DNA content (e.g. the 10 per cent difference we have found between non-malignant epithelial and mesodermal cells) than might elsewhere be considered significant. We think, however, that our technique permits considerable accuracy of measurement; moreover, we have not been concerned with the measurement of nuclear areas, as required for some methods, nor, since we have used smears instead of sections, with the presence of incomplete nuclei. The small difference between the modal value of the non-malignant epithelial cells on the one hand and the leucocytes and fibroblasts on the other, has been repeatedly found and is considered significant. Since, as mentioned in the introduction, nuclei of different types are concerned, these differences in the amount of stain measured may not necessarily represent true differences in DNA content. The constancy of the ratio between the modal values of the non-malignant epithelial and mesodermal cells, however, seems to justify our comparing samples of different tissues by the indirect method of relating the values obtained for each tissue to those of the leucocytes present in that tissue; furthermore, since we have found slightly higher values for non-malignant epithelial tissues than for Ieucocytes, the diploid DNA value of the homologous normal tissue for epithelial tumours (at least for those of uterine origin) would appear to be 10 per cent above the mean leucocyte value.
It is of interest that the basic DNA content of the tumours that we have examined in most cases shows a difference from the normal. It has frequently been suggested that the malignant state represents a reversion to a primitive type, involviing the loss of specialised functions and simplification of nutritionlal requirements; thus, it may be argued that the number of essential " gene- Fig. 7 (carcinoma of the cervix), which showed cent above the control polymorph value (i.e. equal to that of the-corresponding normal tissue), while the basic values of the remaining tumours were greater than 10 per cent above the control polymorph value.
5. The results are discussed in relation to variation in chromosome complement; the presence of a modal DNA value in tumours, which frequently appears to be different from that of the homologous normal tissue, is considered in relation to the stem-line concept of tumour growth.
